INTRODUCTION
Concept of feeding has gained a significant importance in previous few years because of its usefulness in serving the assembly lines. The pioneering work in the field was carried decades ago by Dr. Geoffrey Boothroyd [1] , who in his elaborated work on different types of feeding system has diverted the attention towards the importance of mechanised feeding. A variety of feeding systems available in the industry to suit different requirements. To name a few are bowl feeder, centrifugal feeder, step feeder, linear feeder, etc. Keeping in view the capability of vibratory bowl feeder to handle different shapes and sizes of industrial components, the same was selected for the study. To further substantiate the importance of this feeder a literature survey was carried out and the findings of different experimenters was observed. . Jindal et. al. [2] carried out investigation work on this feeder for clip shaped components and concluded that feed rate increases with increase in frequency and part population. Pandey et. al. [3, 4] investigated the performance of vibratory bowl feeder for threaded fasteners and concluded that feed rate increases significantly with frequency of vibration but decreases with increase in part population. Maher et. al. [5] further carried out investigation with the objective to contribute to the development of a flexible vibratory bowl feeder. Headed components of a vast variety are extensively used in assembly operations for fastening and joining. Because of their asymmetric shape they pose a challenge to feed them in the desired orientation in an assembly line. Present work, therefore is an attempt to address this problem by conducting a series of experiments in a structured way to establish a relationship between the important process parameters and the response which is feed rate in this case. It is assumed that the developed model will not only help analyse the performance but also shall be able to predict its behaviour at different combinations of process parameters. A popular approach of design of experimentation was used to decide the number of experiments to be conducted so that direct and interaction effects of parameters can be investigated on the feeder output. Central composite face centred technique was used to develop the model followed by application of Response Surface Methodology to optimise the model.
EXPERIMENTAL SET UP
The experimental set up used for the present investigation is shown in figure 1 which consists of a vibratory bowl feeder with bowl size 300mm. The system is provided with a separate control unit with a provision to vary the frequency of vibrations. As the subject components are headed fasteners, it becomes difficult to ensure their smooth flow and a particular orientation delivery owing to their asymmetrical shape. Slight modifications were made to ensure one component at a time making to the delivery point moreover a special delivery chute was designed and attached at the delivery point to ensure each component aligns itself in its "heads up" position irrespective of the kind of orientation it was in before reaching the delivery chute. 
PLAN OF INVESTIGATION
The following steps were considered while carrying out the present investigation.
 Identification of important process parameters and finding and their working ranges.  Development of a design matrix  Conducting the experiments as per the design matrix.  Developing the mathematical model  Checking the significance of the developed model  Results and their discussions  Conclusions
Identification of important process parameters and finding and their working ranges.
A series of trial experiments were conducted to identify the independently controllable process parameters and their working limits. The important process parameters significantly affecting the performance of feeder were found to be the frequency of vibration, part size and part population. Their working ranges were decided on the basis of the intervals in which feeder was found to give stable outputs without any erratic observations. The upper limit is shown as (+1), lower limit as ( -1) 
Development of a design matrix
The total number of experiments to be conducted were determined by using design expert software. In the present case central composite face centred technique was used with each parameter varying at three levels. The total number of experiments came out to be 20 { 2 3 (full factorial points) + 2*3(star points) + 6(centre points) = 20 }. All the possible combinations as per the present approach are given in the designed matrix shown in Table 2 1  13  17  16  0  0  0  24  15  17  0  0  0  36  6  18  1  -1  1  68  14  19  0  0  1  33  12  20  0  1  0  33  Table 2 . The design matrix
Conducting the experiments as per the design matrix
A total 20 number of experiments were conducted by taking the combination of input parameters as per the design matrix in table 2. All the readings were taken in single replications and the feed rate were recorded in Table 2 .
Developing the mathematical model
The input parameters and the feed rate can be related as per the following Feed rate= f(A,B,C), where A,B,C are the frequency, part size and part population respectively. The general regression equation relating the input and the output parameters is given as Feed Rate=β 0 + β 1 A + β 2 B + β 3 C + β 12 AB + β 13 
Checking the significance of the developed model
The significance of developed model is checked by ANOVA analysis whose results are given in Table 3 . 
RESULTS AND DISCUSSIONS
The results of the investigation work carried out are depicted in graphical form shown in figures 3-8 and the explanation of direct and interaction effects of process parameters on feed rate is discussed below.
Direct of frequency on feed rate
The direct effect of frequency is shown in figure 3 . It can be seen that feed rate increased with increase in frequency. The reason attributed can be that as frequency increased the magnitude of parts also increased resulting in faster movement of components up the spiral track. Fig. 3 . Effect of frequency on feed rate
Direct effect of part size on feed rate
The effect of part size is shown in figure 4 . It is evident that initially there is a slight increase in the feed rate with increase in the size of parts whereas, there is a decrease in the feed rate as the part size is increased further. However, the effect of part size on feed rate is almost constant. 
Direct effect of part population on feed rate
The effect of part population is shown in figure 5 . As part population is increased it is observed that there is a marginal increase in the feed rate. The reason for this can be as the population was increased, at the entrance junction, the components were in a state of disorder and were inhibiting each other from following the main path. Frequency has a positive effect on feed rate. At all part population, feed rate is increasing with the increase in frequency. However, part population has a variable effect on feed rate. For lower frequency the feed rate is almost constant, whereas there is a considerable change at higher frequency.
Interaction effect of part population and part size
Interaction effect of part population and part size is as shown in figure 7. When part population and part size are taken together, they have nominal effect on the feed rate. At all part population, feed rate is increasing marginally with increase in part size. 
Interaction effect of frequency and part size
Interaction effect of frequency and part size is shown in figure 8 . Frequency again has a positive effect on feed rate. At all part sizes feed rate has increased with the increase in frequency. Feed rate is almost constant at lower frequency but there is a drastic accretion at higher frequency. 1. The statistical approach of central composite face centred technique was satisfactory for the present investigation work and was able to predict the direct and interaction effect with good accuracy.
2. The direct effects indicate frequency and part size has positive effect on feed rate whereas, part population had a negative effect. 3. The interaction curve of frequency and part size shows that the minimum feed rate of 8 is attained at minimum frequency and minimum part size. Whereas, maximum feed rate of 64 is attained at maximum frequency and minimum part size. 4. The interaction curve of frequency and part population shows that the minimum feed rate of 8 is attained at minimum frequency and minimum part population. Whereas, maximum feed rate of 68 is attained at maximum frequency and maximum part population. 5. The interaction curve of part size and part population shows that the minimum feed rate of 16 is attained at maximum part size and minimum part population. Whereas, maximum feed rate of 30 is attained at 31.5mm part size and maximum part population.
